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Abstract 
 Vertebrate microfossil bonebeds (VMBs) have been used as a source of 
paleoecological data for decades, but the processes by which they form are poorly 
understood. Scatological, lacustrine, and fluvial channel lag processes have all been 
offered as potential mechanisms by which fossil elements are concentrated. This project 
tests the recent hypothesis that small lacustrine environments are the first stage in the 
development of VMBs with fluvial VMBs representing reworked samples of previously 
deposited lacustrine VMBs. Additionally, this study tested the reliability of 
reconstructing paleoecology using surface collected bulk samples as opposed to in situ 
quarrying. Three bulk samples, representing one lacustrine and one fluvial VMB, 
collected from the Late Cretaceous Hell Creek Formation of Garfield County, Montana 
were used to compile taxonomic and taphonomic data. 
 In order to reconstruct paleoecology, specimens were identified to the lowest 
possible taxonomic level. To examine taphonomic features from each site, anatomy, 
wear, shape, and maximum dimension were measured and/or noted for each specimen. 
Rarefaction curves were used to examine taxon richness across the three samples while 
controlling for sampling size. Detrended correspondence analyses made it possible to 
compare the three samples according to taxon richness and abundance. The Shannon-
Wiener Diversity Index was calculated as a proxy for taxo evenness across the three 
VMB samples. Finally, taphonomic data were plotted and statistically analyzed to look 
for significant differences in size and wear across the fluvial and lacustrine samples. 
 Paleoecological data from this study do not support the hypothesis of a solely 
lacustrine source for the fluvial VMB. Taphonomic comparisons show fluvial samples 
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had significantly more wear than samples collected from the lacustrine VMB. Rarefaction 
and detrended correspondence analyses show that surface collected samples may provide 
a fairly accurate representation of taxon richness measured from the quarried samples, 
but a poor representation of species composition and abundance.  
 
Introduction  
 Vertebrate microfossil bonebeds (VMBs), though long ignored, have recently 
become important instruments for establishing more complete reconstructions of 
paleoecology for many terrestrially paleoenvironments. These sites (also known as 
microvertebrate assemblages, microfossil bonebeds, or microsites) preserve the skeletal 
remains of faunal communities during the time of deposition. Some of the commonly 
preserved fossils in VMBs include scales, teeth, and bone fragments representing 
chondrichthyan, osteichthyan, reptilian, amphibian, and mammalian taxa. Because VMBs 
tend to preserve a large abundance and diversity of fossils from the taxa present in a 
paleoenvironment, they can be used to analyze the abundance, taxon richness, and 
species evenness of an area in more detail than most other types of fossil accumulations. 
Paleoecological studies have recognized the significance of VMBs since the 1950’s. 
However, many of these early efforts focused primarily on mammalian or dinosaurian 
fossils (Shotwell 1955) and only recently has the potential for the reconstruction of an 
entire vertebrate ecosystem been entirely realized. One of the goals of this project is to 
investigate the vertebrate microfossil accumulations in the Late Cretaceous Hell Creek 
Formation of Garfield County, Montana and to examine the paleoecological 
compositions of these VMBs. 
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 One aspect of VMBs that is poorly understood is the formation of these deposits. 
The accumulation of elements to bonebed levels has been attributed to carnivory 
(particularly of scatological origin) (Mellett 1974), alluvial processes (Korth 1979: p. 
281), and more recently to lacustrine deposition (Rogers and Brady 2010). The 
taphonomy of the fossil elements collected from VMBs may provide invaluable data and 
insight into the formation of these sites. However, most microsite studies have ignored 
these taphonomic factors that, in addition to assisting with the issue of VMB formation, 
may potentially bias paleoecological samples toward larger, more durable skeletal 
elements (Wilson 2008). This study uses taphonomic factors (fossil shape, size, wear, 
etc.) and field observation to examine the differences between the depositional 
environments of the VMBs and to gain insight into the mode of formation of such sites. 
 Due to the surface processes acting on exhumed fossils, it has long been assumed 
that accurate paleoecological analysis can only be undertaken on sites that were collected 
by way of quarrying and in situ collection, usually by bulk sampling the VMB. However, 
there are several drawbacks to this collection method. Firstly, discovering the main 
fossiliferous layer from which the microfossils originated can be time-consuming and 
often unsuccessful. Additionally, microvertebrate fossils tend to accumulate in greater 
concentrations on the surface than in situ and therefore require smaller amounts of matrix 
to collect and process. Very little research to date has investigated whether analyzing 
paleoecology using surface-collected samples introduces statistically significant biases 
than with the use of quarried samples. In addition to exploring the paleoecology, 
taphonomy, and formation of VMBs, this project investigates the biases associated with 
surface collected samples (as opposed to quarried bulk samples) that are hypothesized to 
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be imposed by surficial weathering and destruction of elements. If no significant bias 
exists between surface collected elements and quarried elements, it would be more time 
efficient to collect VMBs surficially than to collect them by quarrying. However, this 
operates under the assumptions that the microsite is previously uncollected in any 
capacity and taphonomic features of the fossils are not particularly important in the given 
study.         
 
Vertebrate Microfossil Bonebed Formation  
Several hypotheses have been proposed for the formation of vertebrate 
microfossil assemblages over the past 50 years. Two hypotheses in particular have guided 
interpretations for VMB formation. Mellet (1974) proposed a scatological mode of 
formation for microfossil accumulations, where processed skeletal material is 
accumulated in the gastro-intestinal tracts of carnivores. Concluding that the taphonomic 
properties of vertebrate microfossils conflicted with a scatological origin, Korth (1979: p. 
281) suggested that microfossils were accumulated by alluvial processes. Other 
hypotheses relating to fluvial accumulation include accumulations in fluvial channel lag 
deposits, point bar accumulations, and aggrading channel floor deposits (Jamniczky et al. 
2003). Despite the long-lived and wide acceptance of these previous hypotheses, new 
evidence points to small pond environments as being the dominant original depositional 
environment of microsites (Rogers and Brady 2010). Rogers and Brady (2010) 
hypothesized that microsites are originally formed in small pond/lacustrine environments, 
but are only later deposited in fluvial settings as reworked deposits of the lacustrine 
VMBs. Data support this hypothesized model of formation for VMBs; however, their 
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study focused only on the Cretaceous Judith River Formation of Montana and no other 
studies have delved deeply into this possibility. 
 
Vertebrate Microfossil Bonebed Paleoecology 
Vertebrate microfossil accumulations have been utilized as a proxy for 
paleoecology since the mid 1950’s. Shotwell (1955) was the first to introduce the concept 
of employing vertebrate microfossils in paleoecological reconstruction. He adapted 
techniques often used by paleobotanists and invertebrate paleontologists of the time to 
quantify the paleoecological patterns observed in the fossil record and established basic 
ground rules for the sampling of microsites (e.g. random sampling via quarrying, using 
all identifiable material, etc.). Later paleontologists (Estes 1964; Estes et al. 1969) began 
using similar techniques to quantify the paleoecology of the entire vertebrate 
accumulation, not limiting the reconstruction to fossil mammalian taxa. However, until 
recently there were no detailed definitions describing what exactly microsites were. The 
current definition for a microfossil bonebed is an accumulation of any multi-individual 
vertebrate skeletal material where greater than 75% of the skeletal elements are less than 
5 cm in maximum dimension (Eberth et al. 2007). Recent studies have applied these 
techniques to measure paleoecology by the use of VMBs across different units where 
VMBs are present (e.g., Sankey 2001, Brinkman et al. 2004, 2007; Carrano and Velez-
Juarbe 2006; Sankey and Baszio 2008).
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Taphonomy 
 Because of the unique preservational and depositional nature of vertebrate 
microfossil sites, taphonomic analyses are crucial to the study of VMB paleoecology. 
Blob and Fiorillo (1996) suggest that such analyses should always be included in 
paleoecological studies, because similar depositional environments can preserve fossils of 
vastly different sizes and shapes.  This variation of preservation in similar environments 
could greatly skew interpretations of paleoecology, if differences are due more to 
taphonomy than actual ecology. Unfortunately, many taphonomic factors, such as size, 
shape, and taphonomic origin, have been disregarded in many microvertebrate 
paleoecological studies, despite their importance on the preservation and analysis of 
microsites and paleoecology. 
 
Geologic Setting  
The Hell Creek Formation of Montana formed as a prograding clastic wedge 
during the latest Cretaceous after the regression of the Western Interior Seaway (Figure 
1) (Frye 1969; Butler 1980; Belt et al. 1984; Cherven and Jacob 1985). It is one of the 
better known dinosaur bearing units in the world and has long been exploited for its 
paleontological resources. In fact, one of the first specimens of Tyrannosaurus rex was 
discovered by Barnum Brown in the summer of 1902 on the ranch where this study has 
been undertaken (Osborn 1905). Not only is the Hell Creek Formation famous for 
preserving fossils of Tyrannosaurus rex, Triceratops horridus, etc., but it also well-
known for the presence of the contact at the Cretaceous-Tertiary boundary (K-T 
boundary) that corresponds to one of the largest extinction events in the history of life.    
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The unit extends approximately 700 km east to west and is exposed in Montana, 
North Dakota, and South Dakota (Johnson et al. 2002). Several other units exposed in 
Wyoming, the Lance Formation, and in Canada, the Frenchman and Scollard Formations, 
have been interpreted to be equivalent to the Hell Creek Formation (Johnson et al. 2002). 
Estimates for the thickness of the Hell Creek Formation range from a minimum of 41 m 
in McCone County, Montana to a maximum of 170 m in Garfield County, Montana 
(Brown 1907; Collier and Knechtel 1939; Rigby and Rigby 1990). The lower contact of 
the Hell Creek Formation has been poorly studied, but dates ranging from 69.57 Ma to 
Figure 1. Paleogeographic reconstruction of North America during the 
Late Cretaceous (approximately 65.5 Ma). The location of the field 
area is designated by a star. (Paleogeography and Geologic Evolution 
of North America, 2011.) 
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70.15 Ma to 73 Ma have been estimated based on the biostratigraphy of ammonites from 
underlying marine deposition in Montana and North Dakota (Johnson et al. 2002). The 
upper contact correlates closely with the age of the K-T boundary (Dorf 1940, 1942; 
Brown 1952). However, with the use of palynology, Nichols and Johnson (2002) show 
that there is separation of 0-270 cm between the formation the contact and the K-T 
boundary. Therefore, the upper contact likely would date to the age of the K-T boundary 
plus or minus the 30-100 k.y. it would have to taken to deposit up to 3 m of sediment 
(Johnson et al. 2002).  
 
 
 
In the area of Montana near the Fort Peck Reservoir and Jordan, Montana, the 
Hell Creek Formation is underlain by the marine Fox Hills Formation and is overlain by 
the Early Paleocene Fort Union Formation. The Hell Creek Formation itself preserves a 
mainly terrestrial paleoenvironment; however, the lower Breien Member is composed of 
marine sediments deposited during a short-lived transgression of the Western Interior 
Seaway (Hartman and Kirkland 2002). The majority of the Hell Creek geology 
Garfield  
County 
N 
Figure 2. State relief map of Montana. Garfield County is labeled and located 
south of Fort Peck Reservoir. (Montana State Map Collection, 2009). 
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(excluding the Breien Member) is dominated by fine-grained sandstones, siltstones as 
well as lacustrine mudstones and limestones (Fastovsky 1987). 
 
Figure 3. Zoomed in view of the Garfield County area. The study area is highlighted 
with a black box. The Hell Creek Formation is denoted in the lighter green and the 
darker green is the underlying marine Bearpaw Shale and Fox Hills Sandstone. 
 
Hell Creek Vertebrate Fauna 
 Vertebrate specimens of the intensely sampled Hell Creek Formation indicate a 
highly abundant and diverse paleocommunity at the end of the Cretaceous Period. Table 
1 illustrates the large number of described vertebrate taxa that have been discovered in 
the Hell Creek Formation from both micro- and macro-excavations. Reptiles and 
mammals show a much higher taxon richness than most of the other classes, while 
Fort Peck Reservoir 
Smoky Butte 
Jordan 
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chondrichthyans, amphibians, and birds fall on the other end of this spectrum accounting 
for far fewer of the 124 species known from the Hell Creek Formation. It is interesting to 
note that much of the mammalian richness can be attributed to several species-rich genera 
(e.g., Cimolestes, Pediomys, Alphadon). Mammals from the clades Eutheria, 
Multituberculata, and Didelphomorphia are all known from the Hell Creek Formation. 
Testudines and dinosaurs account for much of the reptilian richness numbering 38 of the 
59 total taxa, with crocodylians, squamates, and pterosaurs composing the remainder of 
the fauna. Six chondrichthyans have been identified within the Hell Creek Formation, 
including the freshwater ray Myledaphus bipartitus, that is commonly found within 
Mesozoic VMBs, but missing from the macro-excavation record. Osteichthyans, though 
not as rich as mammals and reptiles, are often the most abundant taxa found in VMBs, as 
seen in this study.   
Table 1. Hell Creek Formation vertebrate faunal list (124) 
 Table showing the macro- and micro-vertebrate paleontological taxonomy from 
the Hell Creek Formation. An asterisk denotes taxa recovered in this study.  
(Leidy 1856; Cope 1876a; Cope 1876b; Marsh 1889; Wilmovsky 1956; Estes 1964; Estes 
and Berbarian, 1970; MacAlpin 1974; Herman 1975; Estes and Hiatt 1978; Bryant 1987; 
Wilson 2008) 
 
 
Class Chondrichthyes (5) 
Subclass Elasmobranchii 
Superfamily Hybodontoidea 
Family Lonchidiidae 
Lonchidion selachos  
Order Orectolobiformes 
Family Orectolobidae 
*Squatirhina americana 
Family Brachaeluridae 
Brachaelurus estesi  
Order Sclerorhynchiformes 
Family Sclerorhynchidae 
Ischyrhiza avonicola  
Order Lamniformes 
Family Anacoracidae 
*Myledaphus bipartitus  
 
Superclass Osteichthyes (19) 
Class Actinopterygii 
*Actinopterygian indet. (A) 
*Actinopterygian indet. (B) 
Order Osteoglossidae 
Family Osteoglossiformes 
Cretophareodus sp. 
Order Acipenseriformes 
Family Acipenseridae 
Acipenser eruciferus  
Protoscaphirhynchus squamosus  
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Family Polyodontidae 
*Paleopsephurus wilsoni  
Order Aspirorhynchiformes 
Family Aspidorhynchidae 
*Belonostomus longirostris 
Infraclass Teleostei 
*Teleostei indet. 
Order Elopiformes 
Family Albulidae 
*Coriops amnicolus  
Family Phyllodontidae 
*Paralbula sp. 
Order Perciformes 
Family Labridae 
Phyllodus paulkatoni  
Family Sciaenidae 
Platacodon nanus  
Order Salmoniformes 
Family Esocidae 
*Esocoid indet. 
Infraclass Holostei 
*“Holostean B” 
Order Amiiformes 
Family Amiidae 
Melvius thomasi 
Kindleia fragosa  
*Amiid indet. 
Family Palaeolabridae 
Palaeolabrus montanensis  
Order Lepisosteiformes 
Family Lepisosteidae 
*Lepisosteus occidentalis  
 
Class Reptilia (58)  
Order Testudines 
*Testudines indet. 
Family Baenidae 
Plesiobaena antique  
Eubaena cephalica  
Stygiochelys estesi  
Palatobaena bairdia  
Thescelus insiliens  
Family Pleurosternidae 
Neurankylus eximius 
Family Chelydridae 
Emarginochelys cretacea 
Chelydridae indet. 
Family Emydidae 
Clemmys backmani  
Family Dermatemydidae 
Compsemys victa 
Dermatemydine indet  
Adocus sp. 
Superfamily Trionychoidea 
Helopanoplia distinct 
Clade Trionychia  
Basilemys sinuosa  
Family Tionychidae 
Aspideretoides foveatus  
Order Choristodera 
Family Champsosauridae 
*Champsosaurus sp.  
Order Squamata 
*Squamata indet. 
Infraorder Platynote 
Parasaniwa wyomingensis  
Family Anguidae 
Odaxosaurus piger  
Proxestops jepseni  
Family Boidae 
Boidae indet. 
Family Chamopsiidae 
Chamops segnis  
Haptosphenus placodon  
Leptochamops dentriculatus  
Family Contogeniidae 
Contogenys sloani  
Family Helodermatidae 
Paraderma bogerti  
Clade Polyglyphanodontini 
Peneteius aquilonius 
Family Varanidae 
Palaeosaniwa canadensis  
Family Xenosauridae 
Exostinus lancensis  
Order Crocodylia 
*Crocodylia indet. 
Borealosuchus sternbergi 
Family Alligatoridae 
Brachychampsa montana  
Alligatorine indet. 
Family Crocodylidae 
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Thoracosaurus neocesariensis  
Order Pterosauria 
Pterosauria indet.  
Family Azhdarchidae 
Azhdarchidae indet.  
Clade Dinosauria 
Clade Saurischia 
Clade Theropoda 
*Theropoda indet. 
Family Alvarezsauridae 
Subfamily Mononykinae  
Mononykinae indet.  
Family Tyrannosauridae 
Tyrannosaurus rex  
Clade Coelurosauria 
Richardoestesia sp.  
Family Ornithomimidae 
Ornithomimus sp. 
Family Caenagnathidae 
Chirostenotes sp.  
Family Troodontidae 
*Paronychodon lacustris  
Troodon sp.  
Family Dromaeosauridae 
Dromaeosaurus sp. 
Clade Ornithiscia 
Thescelosaurus neglectus  
Family Hadrosauridae 
*Hadrosauridae indet. 
Edmontosaurus annectens 
Anatotitan copei 
Family Pachycephalosauridae 
Dracorex hogwartsia 
Pachycephalosaurus wyomingensis  
Stegoceras edmontonense 
Stygimoloch spinifer 
Family Ankylosauridae 
*Ankylosaurus magniventris 
Family Nodosauridae 
Edmontonia sp. 
Family Ceratopsidae 
Triceratops horridus 
?Torosaurus latus 
 
Class Aves (1) 
Avisaurus archibaldi  
 
Class Amphibia (10) 
*Amphibia indet. 
Order Temnospondyli 
Family Albanerpetontidae 
*Albanerpeton nexuosus  
Family Batrachosauroididae 
*Opisthotriton kayi 
Prodesmodon copei  
Family Scapherpetontidae 
Scapherpeton tectum  
Lisserpeton bairdi  
Piceoerpeton sp. 
Family Sirenidae 
Habrosaurus dilatus 
Clade Anura 
*Anura indet. 
Family Discoglossidae 
Scotiophryne pustulosa   
 
Class Mammalia (31) 
Order Multituberculata 
*Multituberculata indet. 
Family Neoplagiaulacidae 
Mesodma hensleighi  
Mesodma formosa  
Mesodma thompsoni  
Neoplagiaulax burgessi  
Suborder Cimolodonta 
Cimexomys minor  
Paracimexomys priscus 
Family Cimolodontidae 
Cimolodon nitidus  
Cimolomys gracilis  
Meniscoessus robustus  
Essonodon browni  
Order Didelphimorphia 
Family Alphadontidae 
Alphadon marshi  
Protalphadon lulli  
Turgidodon rhaister  
Family Glasbiidae 
Glasbius twitchelli  
Family Pediomyidae 
Pediomys elegans  
Leptalestes cooki  
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Letptalestes krejcii 
Aletridelphys hatcheri  
Aletridelphys florencae  
Family Stagodontidae 
Didelphodon vorax  
Clade Eutheria 
*Eutheria indet. 
Order Insectivora 
Gypsonictops hypoconus 
Gypsonictops illuminates 
Family Cimolestidae 
Cimolestes incisus  
Cimolestes cerberoides 
Cimolestes propalaeoryctes  
Cimolestes stirtoni 
Cimolestes magnus  
Family Geolabididae 
Batodon tenuis 
Order Primates 
Purgatorius ceratops
 
 
Methods 
 During June and July 2010, outcrops of the Hell Creek Formation located on the 
land of Tom and Shelly Ryan were surveyed with the permission and assistance of the 
PaleoWorld Research Formation (PWRF). The collected VMBs for this study were 
discovered between approximately 24 and 32 kilometers north-northwest of Jordan, 
Montana. The sites were labeled HC10.01, HC10.02, HC10.03, HC10.04, and HC10.05 
based on the order in which they were discovered and sampled. HC10.01 was discovered 
several summers ago by PWRF and has been surface collected extensively. On the other 
hand, HC10.02, HC10.03, HC10.04, and HC10.05 were discovered during the summer of 
2010 for this study. Once permission to survey outcrops was acquired, the land was 
prospected for potential VMBs for the study. Outcrops were searched for indicators of 
microsites, such as Lepidosteidae scales and dinosaur teeth. Once the prospective sites 
were found, the outcrops were trenched and quarried to reveal the source of the fossil 
elements.  
Six bulk samples weighing approximately 18 kg each were collected from the 
main fossiliferous layers of five microsites in the Hell Creek Formation of Garfield 
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County, Montana during the summer of 2010. Three of the samples were collected from 
fluvially deposited VMBs, two from lacustrinely deposited VMBs, and one surface 
collected bulk sample from one of the lacustrine sites (HC10.03). Additionally, smaller 
subsamples (2-3 kg) were collected to take into account spatial and temporal variability 
within each site, but due to time constraints were unable to be processed. Often the 
samples were collected from several meters above, below, and to either direction of the 
main quarry depending upon the extent of the outcrop. In situ sediment samples were also 
collected from the sites for sediment analyses and thin-sectioning to provide support for a 
specific depositional environment for each VMB. Detailed field notes were collected 
including latitude, longitude, and elevation measurements, outcrop geology, and 
paleontological observations. Lastly, vertebrate microfossils were surface collected while 
prospecting for potential microsites. Though the samples cannot be included in 
paleoecological analysis due to a nonrandom collection technique, they can be used to get 
a better idea for the taxon richness of each VMB.  
The samples were transported from Garfield County, Montana to the paleontology 
laboratory at the College of William and Mary. Once back in the lab, the samples were 
water-sieved with 0.5 mm screens to separate the smaller smectitic clay minerals and 
other matrix from the skeletal elements of interest (Eaton 2004). For further breakdown 
and cleaning, 3% hydrogen peroxide (H2O2) was used to efficiently separate the fossils 
and matrix without damaging the fossils (Wilborn 2009). The screened samples were 
then laid out on drying trays.  
The next step in processing the samples was separating the vertebrate fossils and 
all other objects larger than 0.5 mm (sediment, invertebrate molluscan fossils, fossil plant 
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material, etc.). The picked microfossils were sorted to the lowest taxonomic level to 
which each could be identified. Moreover, fossils were further organized anatomically to 
aid in the determination of the minimum number of individuals that were calculated for 
paleoecological analysis. Elements were then counted depending upon the taxonomic and 
anatomical class they were sorted into. Individual elements less than 50% percent 
complete were not counted in order to ensure that any particular broken fossil is not 
counted more than once (Blob and Fiorillo 1996).  
 
 
 
Figure 4. Specimens recovered in 
this study representing (from top 
left to bottom right) Osteichthyes, 
Chondrichthyes, Amphibia, 
Reptilia, and Mammalia. Scale 
bar is 1 mm. 
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Taphonomic data were also collected from all fossil specimens. In order to 
quantify taphonomy, all specimens were measured for their size, shape, and amount of 
wear. The size of each specimen was measured with a digital caliper (Wilson 2008). The 
shape of fossil elements was organized into four shape classes (tabular, elongate, 
equidimensional, and conical). Finally, the degree of weathering and abrasion was 
estimated using a 1-5 scale, with weathering and abrasion increasing with the 
corresponding number (Wilson 2008). The taphonomic data were used to investigate 
whether different taxa were preserved differently across the fluvial and lacustrine VMBs. 
Also, size and shape were analyzed to see if there are preservational trends associated 
with various sizes and shapes of the vertebrate microfossils. By looking more closely at 
these factors, we can determine whether certain taxonomic groups, sizes, or shapes are 
lost from the fossil record. 
 
 
Samples were calculated as number of specimens (NS) before employing 
ecological statistics (Shotwell 1955). Such ecological techniques included diversity, 
Figure 5. Scale used for determining amount of wear as it pertains to 
osteichthyan scales. 
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abundance, and species evenness. Before any of the aforementioned analyses were 
performed, rarefaction curves were generated to guarantee that sufficient specimens were 
collected to analyze the data among microvertebrate sites, as well as to standardize for 
sample size. More specifically, rarefaction ensures that the sample size is large enough so 
that as few taxa as possible are excluded from the study due to collecting bias (Raup 
1975). In addition to standardizing data, rarefaction can also be an effective manner of 
comparing taxon richness.      
After rarefying the data, taxon richness was calculated by totaling the number of 
all organisms present among a given taxonomic group (e.g. class, order, etc.).  Using 
these counts, percent diversity and abundance were determined and compared among the 
various microsites. The data were first tested for normality and, if need be, transformed to 
produce more normally distributed data. The data were then statistically analyzed using a 
combination of ANOVA and multivariate statistical techniques. Non-metric 
multidimensional scaling was used to obtain a better visualization of the analyzed data.  
 
 
HC10.01 
 VMB HC10.01 was discovered several years ago by the PaleoWorld Research 
Foundation during routine prospecting. The site has produced a large quantity of fossil 
elements from a highly diverse fossil assemblage. Taxa recovered via surface collection 
since its discovery include fish, dinosaurs, turtles, crocodylians, mammals, lizards, 
amphibians, and others. The site was extensively quarried and trenched during the field 
season in an attempt to locate the main fossiliferous layer. However, the bed producing 
the fossils was not found. Test bulk samples indicated one area of relatively high 
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abundance of fossils and it was from here that the bulk sample was collected. The main 
quarry of HC10.01 was approximately 30 cm in height and consisted of brownish-gray 
siltstone to very-fine grained non-calcareous sandstones with carbonaceous material 
throughout. The basal 20 cm were massive with mm-scale carbonaceous laminations 
observed in the upper 10 cm of the quarry. Invertebrate fossil taxa were not identified at 
this site. HC10.01 was interpreted to be a lacustrinely deposited microsite due to the fine-
grained sedimentology and carbonaceous laminations.  
One bulk sample from the main quarry (17.4 kg) and three subsamples were 
collected from this site. HC10.01:1 was quarried from 1 m above the main quarry and 
measured 2.53 kg. HC10.01:2 was dug 1 m to the right of HC10.01 on a stratigraphically 
equivalent level and measured 2.86 kg. HC10.01:3 was acquired by digging one 1 m 
below the main quarry and measured 3.03 kg. The global position system (GPS) 
coordinates for this site were measured at 47˚32’11.6”N and 107˚03’24.8”W (WGS84) 
and the elevation was found to be 2798 feet. Due to time constraints this site was not 
analyzed in this study. 
 
HC10.02 
 Prospecting directly southeast of a series of outcrops, known locally as the 
Burning Buttes, led to the discovery of HC10.02 on 22 June 2010. This site, in addition to 
HC10.01 and HC10.03, occurs within one mile south of the type locality of 
Tyrannosaurus rex. The site was located on a small, isolated butte approximately 2.5 m 
in height. Initial surface collection indicated large abundances of Lepidosteidae scales 
with other skeletal element occurrences, such as crocodylian teeth and scutes, lizard 
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dentaries, testudine carapace fragments, etc. Large numbers of gastropod internal molds 
were also recovered, with a few instances of original shell material. The main quarry was 
located at the top of the small butte and measured approximately 0.25m in height. The 
basal most sedimentology was a heavily carbonaceous, dark gray mudstone. Though 
vertebrate fossils were found in the top of the unit, they were not as common as in the 
overlying light gray to off white sandstone. Composed mostly (approximately 80%) of 
very fine grained (<1mm) quartz grains with muscovite also present, the sandstone unit 
unconformably overlaid the basal mudstone layer. Included in the sandstone unit were 
mm-scale inclusions of the underlying mudstone. The sandstone unit also displayed 
planar laminations of carbonaceous laminations. Vertebrate microfossils were heavily 
concentrated basally near the contact with the mudstone. Internal molds of gastropods 
were present throughout the sandstone layer. A layer of brown siltstone with large 
abundances of gastropod molds unconformably overlaid the sandstone. Vertebrate 
microfossils, where present, appeared to be smaller and were much less common than in 
the sandstone and mudstone. This VMB was interpreted to be of lacustrine origin in the 
field. 
 A 17.4 kg bulk sample and a sediment sample were acquired from the main 
quarry of HC10.02. Two subsamples were also taken. HC10.02:1, weighing 3.20 kg, was 
dug 2 m west-northwest of the main quarry. A sediment sample was also taken from 
HC10.02:1. HC10.02:2 was dug 2 m southwest of HC10.02 and weighed 3.07 kg. The 
GPS coordinates measured for HC10.02 were 47˚32’09.3”N and 107˚03’24.4”W 
(WGS84) at an elevation of 2818 feet. 
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HC10.03 
 Microsite HC10.03 was discovered on 24 June 2010 in the general proximity of 
HC10.01 and HC10.02. It was situated on the upper western edge of a southeast-
northwest trending butte. Surface collected vertebrate specimens included herbivorous 
dinosaur teeth, bony fish scales, crocodylian scutes and teeth, testudine carapace 
fragments, and other elements. The microsite itself appeared to extend laterally for at 
least 40 m and possibly longer. However, due to a large amount of overburden coverage 
it was not possible to observe the full lateral extent of the VMB. The vertical extent of the 
fossiliferous layer was approximately 30 cm, where observed, but due to time constraints 
it was difficult to tell whether this was laterally consistent. The microvertebrate fossils 
occurred in fine grained, light gray to brown sandstone, with lower densities found in the 
underlying highly carbonaceous, tan sandstone. Plant material in the fossil-bearing 
sandstone mostly appeared to be secondary features (i.e., roots), while those in the more 
basal sandstone layers seemed primary. Faint mm-scale cross-bedding was observed, as 
well as some mm-scale planar laminations in the fossiliferous beds. No fossil 
invertebrates were discovered at the site. In qualitative comparison with HC10.02, the in 
situ fossils from this VMB appeared to be less abundant, but fish elements again 
dominated. 
 The bulk sample from HC10.03 weighed 19 kg and sediment samples were also 
collected. Three subsamples (HC10.03:1, HC10.03:2, and HC10.03:3) were quarried to 
test the spatial and temporal variability within the site. HC10.03:1 was excavated .8 m 
above the main quarry and weighed 2.65 kg. HC10.03:2 and HC10.03:3 were quarried 
5.4m and 7.2m to the left and right, respectively, of the main quarry. HC10.03:2 weighed 
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2.71 kg, while HC10.03:3 weighed 2.45 kg. Additionally, a 19 kg sample (HC10.03:SC) 
was collected from the surficial wash from the main quarry to compare the quarried and 
surficially collected sample paleoecologically. The location of HC10.03 was recorded as 
47˚32’03.4”N and 107˚03’26.8”W (WGS84) at an elevation of 2842 feet. 
Figure 6. Google Earth imagery showing the relative locations of HC10.01, HC10.02, 
and HC10.03. See Figures 2 and 3 for zoomed out view of the study area. 
 
 
HC10.04 
HC10.04 and HC10.05 were discovered on 5 July 2010 in an area 3 miles north-
northwest of the area where HC10.01, HC10.02, and HC10.03 were found. The site 
occurs just below the top of a butte capped by well-cemented, moderately-grained 
channel sands. Lepidosteidae scales were found throughout the eroded wash of the VMB, 
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yet fossil elements appeared fairly sparse in situ. The majority of the site was covered by 
large amounts of overburden, so that only about a 2 m length of the site was exposed. The 
vertebrate microfossils were observed to occur in the same 15-20 cm layer as highly 
fragmented molluscan fossils, but were also rarely observed in the surrounding medium 
to fine-grained sandstone. The sandstone exhibited faint, mm-scale cross-bedding within 
the unit, that graded to carbonaceous, planar laminations then back to faint cross-bedding 
above it. The sandstone layer unconformably overlaid cm-scale cross-bedded, well-
consolidated orange to brown sandstone. The fossiliferous layer was observed to be 
slightly carbonaceous. 
 One bulk sample, one subsample (HC10.04:1), two sediment samples, and one 
invertebrate fossil sample were collected from HC10.04. The bulk sample was measured 
to be 18.2 kg. Due to the small exposure of the VMB, HC10.04:1 was the only subsample 
taken. It was quarried approximately 1 m to the north of the main quarry and weighed 
2.34 kg. The location of HC10.04 was measured to be 47˚34’22.7”N and 107˚04’23.6”W 
(WGS84) with an elevation measurement of 2757 feet. This project did not analyze the 
samples from this site because of time constraints 
 
HC10.05 
 HC10.05 was discovered on an adjacent butte to HC10.04, but stratigraphically 
higher in the section. Plentiful Lepidosteidae scales were found on the surface, but the 
exact location of the VMB was not found. Very small and fragmented bivalve fossils 
occurred in the basal 20 cm of the collected unit. The entire collected quarry was 
approximately 40 cm in height and was slightly carbonaceous throughout. This basal 20 
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cm of the sandstone was massive and of a gray-brown color, while the upper 20 cm 
exhibited cm-scale trough-bedding in a light tan sandstone.  
 The bulk sample from the main quarry of HC10.05 weighed 17.8 kg and sediment  
sample was also taken. Two bulk samples, HC10.05:1 (2.71 kg) and HC10.05:2 (2.23 kg)  
were collected from 1 m north and 1 m south-southeast of the VMB, respectively. The  
location of HC10.05 is 47˚34’22.6”N and 107˚04’27.2”W (WGS84) at an elevation of  
2773 feet. The samples from this site were not analyzed for this study because of time 
constraints.  
 
 
 
Percent Abundance and Percent Diversity 
 Five classes of vertebrate fauna (Osteichthyes, Chondrichthyes, Reptilia, Amphibia, and 
Mammalia) were represented within the three bulk samples (HC 10.02, HC 10.03, HC 10.03SC) 
Figure 7. Google Earth imagery showing relative locations of HC10.04 and 
HC10.05. See Figures 2 and 3 for zoomed out views of the area. 
 
 
27 
 
collected from the Hell Creek Formation. Additionally, all five classes were present in the three 
samples, with the sole exception of Mammalia that was missing from the lacustrine VMB, HC 
10.02. As shown in Table 2, Osteichthyes accounted for the majority of taxon richness and 
abundance across all of the sites, representing almost 90% of the specimen abundance. 
Osteichthyans were also found to be the most diverse in the Hell Creek Formation, accounting for 
nearly half of the overall diversity, while chondrichthyans and mammals were each represented 
by two distinct taxa of the total 28 identified taxa. 
   
 
Table 2. Aggregate Hell Creek Formation data for taxonomic classes 
Class Diversity % Diversity Number of 
Specimens (NS) 
%NS 
Osteichthyes 12 42.86 661 89.57 
Chondrichthyes 2 7.14 27 3.66 
Reptilia 8 28.57 25 3.39 
Amphibia 4 14.29 22 2.98 
Mammalia 2 7.14 3 0.40 
Total 28  738  
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Figure 8. 
Aggregate Hell Creek Formation 
 
 
 
 
 
 
 
 
 
 
HC 10.02, the sample interpreted to be deposited in a lacustrine environment, 
produced the largest number of specimens with 666 and the largest number of specimens 
identifiable to the class level with 386. Despite this, the sample produced approximately 
the same total number of distinct identifiable taxa as both samples from the VMB that 
was deposited fluvially. Osteichthyes was the most diverse class with 11 distinct taxa, 
followed by Reptilia, Amphibia, and Chondrichthyes. Osteichthyes also accounted for 
almost 95% of the percent abundance based on number of specimens. It is also interesting 
to note the absence of the freshwater chondrichthyan, Squatirhina sp., as well as any 
elements that can be identified as mammals in HC10.02 (Estes 1964). Squatirhina sp. is 
present in both samples of the fluvially-derived VMB, represented by a total of 7 teeth, 
but is conspicuously absent from the sample with the largest number of identifiable 
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specimens, HC10.02. Elements that were able to be identified to Chondrichtyes, Reptilia, 
and Amphibia combined only for about 5% of taxonomic abundance. 
 
Table 3. HC10.02 data for taxonomic classes 
Class Diversity % Diversity NS %NS 
Osteichthyes 11 57.90 365 94.56 
Chondrichthyes 1 5.26 4 1.04 
Reptilia 4 21.05 8 2.07 
Amphibia 3 15.79 9 2.33 
Mammalia 0 0 0 0 
Total 19  386 
 
 
 
Figure 9. 
HC10.02 
  
 
 
  
 
 
 
 
 
HC10.03 was interpreted to be deposited in a fluvial environment and produced 
264 total specimens and 185 elements that were identified to the class level. Although 
Osteichthyes was again the most rich and abundant class representing 45% of the 
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diversity and 83% of the abundance, it was not as dominant as in HC10.02. Similarly to 
HC10.02, diversity outside Osteichthyes was greatest among reptiles, followed by 
amphibians, chondrichthyans, and lastly mammals. However, unlike HC10.03, 
Chondrichthyes was the most abundant class outside of the osteichthyans.  
 
Table 4. HC10.03 data for taxonomic classes 
Class Diversity % Diversity NS %NS 
Osteichthyes 9 45 153 82.70 
Chondrichthyes 2 10 14 7.57 
Reptilia 5 25 8 4.32 
Amphibia 3 15 9 4.87 
Mammalia 1 5 1 0.54 
Total 20  185  
 
Figure 11. 
HC10.03 
 D 
 
 
 
 
 
 
 HC10.03:SC displays the same rank diversity as the other two samples; however, 
osteichthyan diversity is not as dominant at approximately 37%. Osteichthyan abundance 
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is once again very high at 85.6%, and chondrichthyans and reptiles each represent 
another 5% of the overall abundance. Although this sample produced only 43% of the 
identifiable specimens that HC10.02 did, several more non-osteichthyan specimens were 
identified than from HC10.02. Further sampling would likely show the presence of more 
taxa than were identified in this study.      
 
Table 5. HC10.03:SC data for taxonomic classes 
Class Diversity % Diversity NS %NS 
Osteichthyes 7 36.84 143 85.63 
Chondrichthyes 2 10.53 9 5.39 
Reptilia 6 31.58 9 5.39 
Amphibia 3 15.79 4 2.39 
Mammalia 1 5.26 2 1.20 
Total 19  167  
 
Figure 11. 
HC10.03:SC 
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Rarefaction 
 Rarefaction curves were generated for each of the three bulk samples using 
taxonomic data of the lowest distinct taxonomic group, that often, though not always, 
corresponded to the generic level. The curves were calculated using Holland’s Analytic 
Rarefaction 1.3 program for the three bulk samples to evaluate completeness of collection 
as well as taxon richness. Because small sample sizes are likely to exclude particular 
taxa, large sample sizes provide better estimates of taxon richness (Raup 1975). 
Rarefaction is used to take into account this bias and estimates the expected number of 
taxa within a given community by means of statistical re-sampling. The rarefaction 
method in this analysis uses the equation developed by Raup (1975) and graphically 
yields a curve. The curve, when sampling is sufficient, reaches an asymptote that 
estimates the taxon richness within the sampled community. 
The curve representing HC 10.02 asymptotes toward 19 taxa, while the curves 
representing HC 10.03 and HC 10.03SC do not appear to asymptote. Further sampling of 
VMB HC 10.03, both in the capacity of surface collecting and quarrying, is required for a 
more precise estimate of absolute taxon richness. HC 10.03 and HC 10.03SC have a very 
similar taxon richness per sample size measure, while HC 10.02 has a much lower taxon 
richness trajectory. This difference is statistically significant at approximately 120 
specimens and is evident where the 95% confidence intervals (displayed by the dotted 
line in Figure 12) of HC 10.03 and HC 10.03SC lie outside of the confidence interval of 
HC 10.02. 
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 Figure 12. Rarefaction curves with 95% confidence intervals depicted by the 
dashed line for the taxon richness data of samples HC 10.02 (lacustrine), HC 10.03 
(quarried fluvial), and HC 10.03SC (surface fluvial).  
 
All three sites exhibit similar numbers of distinct taxa, with specimens from HC 
10.02 representing 19 taxa, HC 10.03 representing 20, and HC 10.03SC representing 19. 
However, this similar raw taxon richness was obtained with many fewer identifiable 
specimens by the fluvial VMBs. Further collection within the fluvial VMB, HC 10.03, 
would likely reveal the presence of more osteichthyans and provide a higher raw taxon 
richness than what is represented currently.    
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Detrended Correspondence Analysis  
Detrended correspondence analysis (DCA) was used to evaluate the general 
similarity of the three samples using species composition and abundance data with PAST 
statistical software. DCA is a multivariate statistical analysis that displays a number of 
axes in two-dimensional space to create an ecospace of similarity within a given number 
of samples. For example, the closer two particular samples plot on a DCA the more 
similar they are in terms of abundance or species composition, when presence-absence 
data is used. 
 As evidenced by the distance between samples HC10.02, HC10.03, and 
HC10.03SC in Figure 13, no one sample is particularly more similar in species 
composition and abundance than to any other sample, though HC10.02 and HC10.03 are  
 
Figure 13. DCA for samples HC10.02 (A-Lacustrine), HC10.03 (B-Quarried Fluvial), 
and HC10.03:SC (C-Surface Fluvial) showing the similarity of species composition and 
abundance data. Numbered labels are defined in Table 6. Axes 1 and 2 explain 89.88% 
of the variation. 
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more similar to each other than either is to HC10.03SC. This is likely due to the higher 
abundance of indeterminate teleost vertebrae from the quarried samples, accounting for 
52% and 36% of the abundance for HC 10.02 and HC 10.03 respectively, and only 16% 
for HC10.03SC. Additionally, Lepisosteus sp. scales represented 55% of the specimen 
abundance from HC10.03SC, but only 33% for HC10.02 and 29% for HC10.03SC.  
Because these two skeletal elements account for 86% of the abundance in HC10.02, 65% 
in HC10.03, and 71% in HC10.03SC, they likely have a much larger bearing on the DCA 
than the other data for the samples.  
To account for sampling bias, the data was re-sampled using bootstrapping 
techniques. Figure 15 shows the DCA plot using the bootstrapped data. As seen in the 
Figure 13, the re-sampled DCA still shows dissimilarity between the three samples as 
each cloud of points (i.e., lacustrine, quarried fluvial, surface fluvial does not overlap on 
the plot. 
Table 6. Eigenvalues and percent variance for Figure 13. 
Axis Eigenvalue Percent 
1 0.1356 60.61% 
2 0.06548 29.27% 
3 0.01278 5.71% 
4 0.009855 4.41% 
 
Number Taxa HC10.02 
(NS) 
HC10.03 (NS) HC10.03:SC 
(NS) 
Total 
(NS) 
1 Teleost indet. 202 48 21 271 
2 Lepisosteus sp. 128 39 71 238 
3 Coriops sp.  6 4 4 14 
4 Holostean B 1 0 0 1 
5 Paralbula sp. 5 1 4 10 
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6 Cretophareodus 
sp. 
2 0 0 2 
7 Amiidae indet. 6 6 4 16 
8 Belonostomus sp. 3 0 1 4 
9 Esocidae indet. 8 1 0 9 
10 Actinopterygian 
indet. 1 
1 1 0 2 
11 Actinopterygian 
indet. 2 
3 1 1 5 
12 Paleopsephurus 
sp. 
0 1 0 1 
13 Myledaphus 
bipartitus 
4 8 8 20 
14 Squatirhina 
americana 
0 6 1 7 
15 Anura indet. 3 1 2 6 
16 Opisthotriton 2 0 1 3 
17 Amphibia indet. 4 7 0 11 
18 Albanerpeton 0 1 1 2 
19 Crocodylia indet. 4 3 1 8 
20 Teiidae indet. 2 1 2 5 
21 Hadrosauridae 
indet. 
1 2 1 4 
22 Testudines indet. 1 0 3 4 
23 Ankylosaurus 0 1 0 1 
24 Paronychodon  0 1 0 1 
25 Champsosaur 
indet. 
0 0 1 1 
26 Theropoda indet. 0 0 1 1 
27 Eutherian indet. 0 1 0 1 
28 Multituberculata 
indet. 
0 0 2 2 
Table 7. Abundance data for distinct taxa of HC10.02, HC10.03, and HC10.03:SC. Number 
corresponds to data labels on Figure 13. 
  
Figure 14 shows a detrended correspondence analysis using only presence-
absence data to investigate the relatedness of only taxonomic composition across the 
three samples. The DCA indicates that the taxonomic compositions of the quarried and 
surface collected samples from the fluvial VMB are less similar to each other than either 
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is to the lacustrine VMB. HC10.03 and HC10:03:SC show about equal similarity to 
HC10.02 in terms of taxonomic composition.  
 
Figure 14. Showing detrended correspondence analysis using only presence-
absence data. Lacustrine represents HC10.02, HC10.03 is labeled quarried 
fluvial, and HC10.03:SC is surface fluvial. Table 8 shows eigenvalues and percent 
values for the axes. Table 9 displays the presence-absence data that is plotted as 
blue points on the DCA. Axes 1 and 2 explain 90.78% of the variance. 
 
 
Table 8. Eigenvalues and Percent variance for Figure 13 
Axis Eigenvalue Percent 
1 0.2579 64.62% 
2 0.1044 26.16% 
3 0.01973 4.95% 
4 0.01705 4.27% 
Taxa HC10.02 (NS) HC10.03 (NS) HC10.03:SC (NS) 
Teleost indet. 1 1 1 
Lepisosteus sp. 1 1 1 
Coriops sp.  1 1 1 
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Table 9. Presence-absence data for HC10.02, HC10.03, and HC10.03:SC. 1 indicates 
the presence of the taxa and 0 represents an absence. 
 
 
 
 
 
Holostean B 1 0 0 
Paralbula sp. 1 1 1 
Cretophareodus sp. 1 0 0 
Amiidae indet. 1 1 1 
Belonostomus sp. 1 0 1 
Esocidae indet. 1 1 0 
Actinopterygian indet. 1 1 1 0 
Actinopterygian indet. 2 1 1 1 
Paleopsephurus sp. 0 1 0 
Myledaphus bipartitus 1 1 1 
Squatirhina americana 0 1 1 
Anura indet. 1 1 1 
Opisthotriton 1 0 1 
Amphibia indet. 1 1 0 
Albanerpeton 0 1 1 
Crocodylia indet. 1 1 1 
Teiidae indet. 1 1 1 
Hadrosauridae indet. 1 1 1 
Testudines indet. 1 0 1 
Ankylosaurus 0 1 0 
Paronychodon  0 1 0 
Champsosaur indet. 0 0 1 
Theropoda indet. 0 0 1 
Eutherian indet. 0 1 0 
Multituberculata indet. 0 0 1 
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Table 10. Eigenvalues and percent variance for Figure 15. 
Axis Eigenvalue Percent 
1 0.1627 60.17% 
2 0.07814 28.90% 
3 0.0164 6.07% 
4 0.01315 4.86% 
 
Differences in the Amount of Wear  
Wear was found to be higher in the fluvial VMB, HC10.03, than in the lacustrine 
VMB, HC10.02, often significantly so, among all skeletal elements as well as different 
types of elements. All elements (Mann-Whitney U666,264=65780.000, p<0.000), 
osteichthyan scales (Mann-Whitney U96,33=1160.500, p=0.016), tooth-bearing elements 
Figure 15. DCA using bootstrapped resampled data. Table 8 shows eigenvalues 
and percent values for the axes. Axes 1 and 2 explain 89.07% of the variance. 
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(Mann-Whitney U54,27=429.000,p=0.001), and long, elongate limb and rib bones (Mann-
Whitney U111,37=1214.500, p<0.000) were all statistically significantly more worn in 
HC10.03 than in HC10.02. These results are not unexpected, as high-energy fluvial 
processes would almost definitely contribute more to wear on skeletal elements than 
would low-energy lacustrine environments. While measurements of wear were 
standardized for elements across the two samples, it is difficult to standardize a 
measurement for wear across various elements due to the nature of different types of 
elements, i.e. teeth, scales, limb bones.   
 
Figure 16. Mean wear for samples HC10.02 (lacustrine) and HC10.03 (fluvial) across 
various skeletal elements. All includes all measurements. Scales are osteichthyan scales. 
Jaws represent all tooth-bearing elements. All elongate rib and limb elements were included 
in what is labeled limbs.  
*** 
* *** 
*** 
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Differences in Maximum Dimensions  
There is very little difference in mean maximum dimension across skeletal 
elements in HC10.02 and HC10.03, with only scales (Mann-Whitney U96,33=1211.500, 
p=0.044) and actinopterygian fin rays (Mann-Whitney U69,44=1142.000 ,p=0.025) 
showing a statistically significantly difference. The mean size across all skeletal elements 
for the fluvial VMB is 2.68 and for the lacustrine VMB is 2.49. Several dynamics are 
presumably at work in the fluvial environment. The higher-energy fluvial environment 
would likely carry elements of larger size as bedload. However, depending on the 
transport distance, these elements would be weathered and smaller elements would 
potentially be destroyed and winnowed out before the deposition of the resulting VMB. 
Figure 18, which shows the distribution of sizes of the elements deposited in both 
environments, proves to be inconclusive with regard to a difference in size distribution in 
the lacustrine and fluvial VMBs.   
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* 
* 
Figure 17. Chart showing the differences within HC10.02 (Lacustrine) and 
HC10.03 (Fluvial) in the mean maximum dimension across certain skeletal 
elements. All refers to all measurements taken, scales refer to osteichthyan scales, 
jaws are all tooth-bearing elements, and limbs refer to all elongate rib or limb 
bones. 
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Size vs. Wear 
 Average maximum size was plotted against amount of wear to look for 
correlations among these two taphonomic variables. Figure 19 shows this plot for the 
lacustrine VMB HC10.02. It is evident that there is a trend toward increased weathering 
in smaller specimens. However, with an R
2
 value of 0.42 the correlation is very weak. 
This can also be seen in the fluvial VMB in Figure 21. Again, the correlation is weak 
(R
2
=0.37). Additionally, the plots show specimens with little wear were on average much 
larger in the fluvial sample than in the lacustrine sample. Figures 20 and 22 show the 
entire scatter of the data on a size vs. wear plot. 
0% 
5% 
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15% 
20% 
0 1 3 4 5 6 7 8 10 2 9 11 12 13 14 15 16 17 
Figure 18. Graph showing the distribution of maximum dimensions in HC10.02 
(Lacustrine) and HC10.03 (Fluvial). 
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Figure 19. Plot showing the amount of wear for the mean maximum dimension 
of each wear category for the lacustrine sample, HC10.02. 
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Figure 20. Plot showing size plotted against wear for all measured specimens of 
the lacustrine sample, HC10.02. 
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Figure 21. Plot showing the amount of wear for the average maximum dimension 
in each wear category for HC10.03. 
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Species Evenness 
Table 11 shows the calculated species evenness for the three samples as well as 
for the aggregation of the samples. HC10.03 has the highest Shannon-Wiener Diversity 
Index indicating that this particular sample has the greatest species evenness and richness 
of the three samples and aggregate Hell Creek data. However, none of the samples show 
a particularly high species evenness and taxon richness. HC10.02 has the lowest 
calculated Shannon-Wiener Diversity and evenness values. This is likely due to the high 
number of teleost vertebrae and Lepisosteus vertebrae represented in the sample. Because 
of the large number of specimens contributed to the aggregate Hell Creek calculation by 
Figure 22. Plot showing the amount of wear plotted against the maximum 
dimensions of all specimens for HC10.03. 
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HC10.02, the aggregate Hell Creek sample also displayed low evenness values. 
HC10.03SC showed a relatively moderate taxon richness in comparison with the other 
samples, but still displayed fairly low richness and evenness. Further sampling of 
HC10.03 and HC10.03:SC would likely lead to different evenness values for these two 
samples and consequently the aggregate Hell Creek sample. 
Table 11. Shannon-Wiener Diversity Index, Simpson Diversity Index, and evenness values 
for HC10.02, HC10.03, HC10.03:SC, and aggregate Hell Creek samples. 
 HC10.02 HC10.03 HC10.03:SC Aggregate Hell 
Creek 
Shannon-
Wiener 
Diversity Index 
1.3698 1.9823 1.7344 1.6869 
Simpson 
Diversity Index 
(D) 
0.3855 0.2256 0.3328 0.3113 
Simpson 
Diversity Index 
(1-D) 
0.6145 0.7745 0.6672 0.6887 
Simpson 
Diversity Index 
(1/D) 
2.5940 4.4336 3.0050 3.2125 
Evenness 0.46523 0.6617 0.5890 0.5062 
 
Discussion 
 In the VMBs sampled, it does not appear that the model for formation of 
fluvially-derived VMBs only by the reworking of VMBs accumulated in small, lacustrine 
environments is supported by paleoecological data. Figure 12 shows that the taxon 
richness in the lacustrine sample is significantly lower than both samples collected from 
the fluvial VMB. This indicates that after the reworking of the lacustrine sample, the 
deposited fluvial sample incorporated taxa that were not present in the lacustrine VMB. 
Additionally, taxa such as Squatirhina americana and mammals were found only in the 
fluvially derived VMB even though the lacustrine sample produced far more specimens 
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than the quarried and surface collected fluvial sample. This also does not support the 
hypothesis that fluvial environments were only reworking VMBs that were already 
deposited in lacustrine environments and not adding new specimens or taxa. Because of 
the nature of the field study and the time-consuming process required in processing the 
samples, one lacustrine and one fluvial VMB is simply not enough to definitively suggest 
that this trend would continue with further collection of lacustrine and fluvial VMBs. All 
that these paleoecological data suggest is that this specific lacustrine VMB did not 
function as the sole source for this particular fluvial VMB. Future projects should 
incorporate paleoecological studies of a larger sample size of fluvially and lacustrinely 
deposited VMBs to test whether this model of VMB formation is supported or as this 
study suggests, is not supported.  
 Figure 12 illustrates the close correlation of the taxon richness between the 
surface collected and quarried fluvial samples. This seems to indicate that surface 
collection of a VMB can provide a fairly accurate representation of the taxon richness of 
the site as calculated through a quarried, in situ bulk sample. However, Figure 13 shows 
that this similarity does not carry over to species abundance and composition. Both 
samples produced fairly few identifiable specimens and a further sampling may reveal 
more or less similarity than was seen in this project. It is interesting to note, however, that 
teleost vertebrae were much more abundant in the quarried sample than in the surface 
collected sample. This seems to suggest that post-exhumation processes have destroyed 
the smaller, more fragile vertebrae and have skewed the paleoecological data. This study 
suggests surface bulk collection can provide a good representation of taxon richness and 
a poor representation of species composition and abundance, though further sampling 
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across various microsites would certainly indicate better if surface collecting can also 
provide an accurate representation of species composition and abundance or not. Species 
evenness measurements using the Shannon-Wiener Diversity Index showed very low 
species evenness across all samples and the aggregate Hell Creek data. HC10.03 showed 
the highest species evenness while HC10.02 showed the lowest.  
As one would expect, the amount of wear was significantly higher in the fluvial 
VMB specimens than in the lacustrine VMB specimens. Though this could indicate 
reworking of previously deposited lacustrine VMB, it is more likely an effect of the 
nature of a higher energy fluvial environment. Mean maximum dimension, although 
shown to be significantly smaller in the fluvially deposited VMB than in the lacustrine 
VMB in actinopterygian fin rays and osteichthyan scales, was very similar across all of 
the other skeletal elements examined. As the size difference was only statistically 
different in aquatic taxa, the smaller size in the fluvial samples may be a result of 
breakage and abrasion occurring at a greater rate in the fluvial environment than in the 
lacustrine environment. To further investigate size differences, Figure 18 was created to 
look at size distribution in the fluvial and lacustrine VMBs. Hypothetically, fluvial VMBs 
have the ability to transport larger elements as bedload while destroying smaller elements 
and decreasing the size of all elements through abrasion and wear. However, the size 
distribution curve shows a very similar distribution of sizes between the fluvial and 
lacustrine VMBs. Though showing only weak trends, Figures 19, 20, 21 and 22 illustrate 
that wear tends to increase with decreased size and that less worn elements in fluvial 
VMBs tend to be larger than in lacustrine sites.  
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In terms of paleoecology, samples HC10.02, HC10.03, and HC10.03:SC 
produced only a fraction of the taxa known from the Hell Creek through various 
microvertebrate and macrovertebrate collections. This disparity is likely at least in part 
due to the difficulty in identifying many of the specimens collected from the VMBs due 
to very fragmentary and worn remains and a lack of in-depth identification resources. 
 
Conclusions 
 Vertebrate microfossil bonebed samples HC10.02, HC10.03, and HC10.03:SC 
provide paleoecological evidence that opposes the model that VMBs form first in 
lacustrine environments and then are only reworked by fluvial processes without new 
input of skeletal elements. Additionally, rarefaction and detrended correspondence 
analyses show that surface collected bulk samples provide a good representation of taxon 
richness, but a poor representation of species composition and abundance. Analyses 
showed that size differed little across the fluvial and lacustrine VMBs, while wear was 
significantly greater in fluvial specimens. Further collection of more fluvial and 
lacustrine VMBs, in conjunction with the paleoecological, taphonomic, and 
sedimentological data they provide, will undoubtedly assist in answering the long debated 
question of microsite formation. 
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Appendix 
Table 12. Specimen Data for HC10.02. 
Class Taxa Element Size Wear Shape 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Anuran 
Anuran 
Anuran 
Opisthotriton 
Amphibia indet. 
Opisthotriton 
Amphibia indet. 
Amphibia indet. 
Amphibia indet. 
Myledaphus 
Myledaphus 
Myledaphus 
Myledaphus 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Holostean B 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Skull element 
Skull element 
Dentary 
Vertebra 
Tooth 
Vertebra 
Tooth 
Tooth 
Vertebra 
Tooth 
Tooth 
Denticle 
Denticle 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
7 
2.5 
1.5 
1.4 
2 
2 
1.4 
1.2 
1.8 
2 
1.3 
1.3 
1.5 
3.1 
2.1 
2 
2.3 
2.4 
2 
2.2 
1.4 
1.6 
1.8 
1.3 
1.5 
1.2 
1.2 
1.4 
1.7 
1.1 
1.6 
1.3 
1.5 
1.2 
1.2 
6 
3.3 
4.7 
2 
1.6 
1.5 
2.1 
2.7 
1.8 
1.3 
2.3 
0.9 
3 
4 
3 
4 
3 
3 
2 
4 
4 
3 
2 
3 
4 
1 
3 
2 
3 
3 
2 
4 
5 
4 
3 
1 
3 
4 
5 
2 
3 
3 
4 
3 
2 
4 
5 
3 
1 
2 
1 
1 
3 
3 
1 
2 
4 
4 
5 
tabular 
 
 elongate 
elongate 
elongate 
elongate 
conical 
tabular 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
equidimensional 
elongate 
elongate 
elongate 
elongate 
tabular 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
conical 
conical 
conical 
conical 
conical 
conical 
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Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
0.7 
1.9 
2.1 
2.5 
1.9 
2.1 
1.6 
1.5 
1.2 
2 
1.3 
1.2 
1.5 
1.6 
1.2 
1.3 
10.5 
8.8 
11.3 
9.7 
10.1 
16.5 
3.6 
5.1 
12 
9.1 
8.8 
12.1 
7.9 
11 
9 
7.1 
13.8 
9.1 
8 
10.3 
10.9 
12.4 
13.9 
15.1 
9.1 
13.9 
7.8 
9 
6.5 
7.9 
7.6 
10 
12.8 
11.1 
6.5 
9.8 
4.1 
3 
2 
1 
3 
3 
1 
2 
2 
2 
2 
5 
2 
1 
1 
5 
4 
2 
2 
3 
2 
5 
2 
2 
3 
1 
2 
3 
2 
1 
4 
3 
2 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
2 
2 
4 
3 
2 
3 
2 
2 
4 
conical 
conical 
conical 
conical 
conical 
conical 
conical 
conical 
conical 
conical 
conical 
conical 
conical 
conical 
conical 
conical 
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Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
1.6 
1.6 
1.1 
1.4 
1.2 
1.1 
1.8 
1.7 
1 
1.4 
1 
1.5 
1.1 
0.9 
1.3 
2.8 
2.4 
2.3 
3 
2 
1.6 
1.3 
1.8 
1 
1.4 
1.3 
1 
1.2 
0.8 
0.7 
0.8 
0.8 
0.9 
1.1 
1.3 
0.8 
1 
1.2 
1.1 
1.5 
1.3 
1.3 
1.2 
0.9 
0.9 
1.2 
0.9 
0.8 
1.1 
0.9 
0.9 
0.6 
0.8 
4 
5 
5 
4 
2 
3 
4 
2 
2 
3 
2 
3 
3 
4 
3 
1 
2 
3 
4 
2 
1 
2 
2 
2 
3 
4 
4 
4 
1 
3 
2 
3 
4 
4 
4 
2 
2 
4 
2 
3 
4 
3 
3 
4 
1 
2 
4 
3 
2 
3 
3 
3 
2 
tabular 
tabular 
tabular 
tabular 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
tabular 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
elongate 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
tabular 
elongate 
elongate 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
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Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
0.8 
0.9 
0.9 
1 
0.6 
1.3 
1 
1.9 
0.7 
1.4 
1 
1 
1.1 
0.8 
0.6 
1 
1.2 
1 
0.8 
1 
0.7 
0.7 
0.5 
1.1 
1.3 
0.5 
0.6 
0.9 
1 
0.8 
0.7 
0.6 
0.7 
0.9 
0.7 
0.9 
0.7 
0.7 
0.7 
0.9 
0.6 
1.1 
0.8 
0.9 
0.7 
0.9 
0.8 
0.9 
0.7 
0.8 
0.5 
0.7 
0.6 
2 
3 
2 
3 
1 
5 
3 
2 
4 
4 
2 
2 
2 
4 
2 
2 
3 
2 
3 
2 
3 
3 
2 
2 
3 
4 
4 
3 
3 
4 
3 
2 
1 
2 
2 
3 
3 
3 
3 
2 
2 
4 
2 
3 
4 
3 
4 
3 
2 
3 
3 
3 
3 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
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Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Reptilia 
Reptilia 
Reptilia 
Reptilia 
Reptilia 
Reptilia 
Reptilia 
Reptilia 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Teleost indet 
Paralbula 
Coriops 
amiid 
Belonostomus 
Belonostomus 
amiid  
Coriops 
Coriops 
Paralbula 
Paralbula 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Paralbula 
Hadrosaur 
Crocodylia 
Crocodylia 
Testudines 
Teiid 
Crocodylia 
Crocodylia 
Teiid 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
tooth element (maxilla/dentary/vomerine) 
tooth element (maxilla/dentary/vomerine) 
tooth element (maxilla/dentary/vomerine) 
tooth element (maxilla/dentary/vomerine) 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Ishium? 
Jaw Fragment 
Tooth 
Tooth 
Jaw Fragment 
Unknown "sock-like" teeth 
Unknown "sock-like" teeth 
Unknown "sock-like" teeth 
Unknown "sock-like" teeth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
0.7 
0.7 
0.5 
0.6 
0.7 
0.8 
0.5 
1.5 
1.9 
3.7 
3 
2.2 
1.6 
0.7 
1 
1.7 
1 
1.6 
0.7 
1.3 
1.5 
1.6 
3.1 
2.7 
1.6 
4.5 
2.1 
1.8 
1.4 
1.7 
1.4 
1.2 
1.6 
1.2 
0.9 
0.8 
0.8 
0.8 
1.5 
1.4 
1 
1.1 
1.1 
2.7 
10.2 
1.2 
9.5 
3.8 
8.8 
5.7 
8.3 
2.8 
11.4 
4 
3 
3 
5 
2 
3 
3 
1 
3 
2 
2 
2 
2 
3 
4 
3 
3 
1 
2 
2 
3 
4 
5 
3 
3 
2 
2 
2 
4 
3 
2 
5 
3 
2 
2 
4 
3 
3 
2 
5 
3 
3 
5 
5 
5 
2 
2 
4 
2 
3 
3 
3 
2 
tabular 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
tabular 
equidimensional 
elongate 
elongate 
elongate 
elongate 
conical 
conical 
equidimensional 
equidimensional 
conical 
conical 
conical 
conical 
equidimensional 
 
 
 
 
 equidimensional 
conical 
 
 
 
 
 
 elongate 
equidimensional 
equidimensional 
elongate 
elongate 
flat 
conical 
 conical 
tabular 
elongate 
elongate 
elongate 
tabular 
elongate 
elongate 
elongate 
tabular 
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Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
4.9 
7.4 
6 
4.3 
4.1 
7 
2.3 
2.9 
2.6 
3 
2.7 
2.4 
1.9 
3.3 
2.4 
5.1 
3.8 
2.5 
2.4 
3.9 
3 
2.1 
3.1 
2.6 
3 
4 
2.2 
2 
3 
2.6 
2.4 
2.4 
2.1 
2.1 
2.2 
3 
2.3 
2.9 
1.9 
2.7 
2.1 
2.2 
2.6 
3.2 
2.1 
2 
1 
1.6 
1.8 
1.9 
1.8 
1.8 
1.2 
4 
2 
2 
3 
2 
2 
3 
2 
2 
1 
5 
3 
4 
4 
4 
2 
3 
2 
3 
3 
2 
3 
4 
2 
1 
1 
5 
1 
1 
2 
4 
5 
2 
4 
3 
3 
5 
1 
3 
3 
4 
3 
3 
2 
5 
2 
3 
3 
5 
4 
2 
3 
3 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
equidimensional 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
equidimensional 
equidimensional 
elongate 
tabular 
elongate 
tabular 
elongate 
elongate 
tabular 
elongate 
elongate 
elongate 
elongate 
tabular 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
tabular 
elongate 
elongate 
elongate 
equidimensional 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
 elongate 
elongate 
tabular 
equidimensional 
tabular 
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Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
Bone Fragment/Rib/Limbs 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 1 
unidentified box 2 
unidentified box 2 
1.7 
1.6 
1.4 
2 
1.3 
1.1 
1.1 
1.6 
1.4 
0.8 
1.7 
1.5 
1.6 
1.1 
1.2 
0.7 
1.5 
1.5 
1.9 
1.6 
1.4 
1.3 
1.4 
1.9 
4.7 
3 
3.1 
3.7 
3.8 
4.7 
3.5 
2.1 
2.2 
2.3 
2.5 
2.7 
2 
3 
2.4 
2.3 
1.9 
1.6 
1 
1.5 
1 
1.2 
1.5 
1.5 
0.9 
1 
1.1 
3.6 
4.4 
4 
3 
3 
4 
1 
5 
2 
2 
2 
2 
3 
3 
4 
4 
3 
2 
4 
5 
5 
2 
2 
5 
1 
3 
5 
5 
2 
4 
4 
4 
3 
3 
3 
2 
4 
3 
2 
4 
3 
4 
2 
4 
4 
4 
1 
3 
1 
2 
2 
3 
3 
3 
4 
elongate 
equidimensional 
elongate 
equidimensional 
tabular 
equidimensional 
equidimensional 
elongate 
elongate 
tabular 
elongate 
elongate 
elongate 
equidimensional 
tabular 
equidimensional 
tabular 
elongate 
tabular 
tabular 
elongate 
tabular 
tabular 
elongate 
tabular 
elongate 
tabular 
equidimensional 
elongate 
tabular 
 
 equidimensional 
tabular 
elongate 
elongate 
elongate 
elongate 
tabular 
elongate 
elongate 
 equidimensional 
tabular 
tabular 
tabular 
elongate 
elongate 
equidimensional 
 elongate 
tabular 
tabular 
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Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
unidentified box 2 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
vertebra 
Unknown 
Ulna or proximal dentary 
Phalanx 
Unidentified limb element 
 
3.7 
2.8 
2.4 
2 
2 
2.3 
1.3 
1.8 
1.1 
0.9 
1.1 
1 
1.8 
1.1 
1 
1 
1.1 
1.3 
2.2 
2.5 
0.8 
0.9 
1 
1.2 
1.2 
1.3 
1.2 
0.7 
1.1 
0.9 
1.1 
1.4 
2 
1.2 
1.5 
 
3 
4 
4 
2 
3 
5 
2 
2 
1 
2 
3 
3 
1 
4 
2 
2 
1 
3 
2 
3 
4 
4 
3 
4 
3 
3 
5 
3 
3 
4 
5 
3 
3 
2 
5 
 
elongate 
conical 
elongate 
elongate 
tabular 
elongate 
elongate 
tabular 
equidimensional 
equidimensional 
conical 
tabular 
elongate 
tabular 
elongate 
equidimensional 
tabular 
elongate 
tabular 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
elongate 
elongate 
elongate 
elongate 
 
 
Table 13. Specimen Data for HC10.03 
Class Taxa Element Size Wear Shape 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Chondrichthyes 
Chondrichthyes 
Amphibia indet 
Amphibia indet 
Amphibia indet 
Amphibia indet 
Amphibia indet 
Albanerpeton 
Anura 
Amphibia indet 
Amphibia indet 
Squatirhina 
Squatirhina 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Dentary 
Radioulna 
Tooth 
Tooth 
tooth 
tooth 
1.2 
0.9 
1.3 
1.5 
2.6 
1.1 
2 
1 
2.8 
1.3 
1.1 
4 
3 
3 
3 
4 
2 
4 
3 
4 
3 
3 
elongate 
tabular 
elongate 
tabular 
elongate 
elongate 
elongate 
elongate 
elongate 
conical 
conical 
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Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Mammalia 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Squatirhina 
Squatirhina 
Squatirhina 
Squatirhina 
Myledaphus 
Myledaphus 
Myledaphus 
Myledaphus 
Myledaphus 
Myledaphus 
Myledaphus 
Myledaphus 
Eutherian  
 
 
 
 
 Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
tooth 
tooth 
tooth 
tooth 
tooth 
denticle 
denticle 
denticle 
denticle 
denticle 
denticle 
denticle 
Tooth 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Unknown Spine? Element 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Tooth 
Tooth 
0.9 
1.2 
1.1 
1.3 
1.7 
1.3 
0.8 
1.3 
1.3 
0.9 
0.9 
1.1 
2.1 
3.5 
2 
2.8 
0.9 
1.4 
17 
11.1 
10 
12.8 
8 
2 
9.3 
8.9 
12 
6.5 
3.5 
5.2 
4.1 
8.5 
6.3 
3.7 
2.2 
7 
6.8 
6.1 
6.1 
11.9 
5.2 
6 
10.5 
2.6 
11.5 
9.8 
9.9 
10.2 
3.3 
6 
7.3 
1.3 
1.7 
3 
2 
1 
3 
3 
2 
3 
4 
4 
3 
4 
5 
2 
3 
5 
4 
3 
5 
2 
2 
2 
2 
5 
5 
1 
2 
3 
5 
5 
5 
5 
1 
3 
3 
5 
2 
4 
5 
5 
2 
4 
5 
3 
5 
1 
2 
3 
2 
5 
5 
2 
1 
4 
conical 
conical 
conical 
conical 
equidimensional 
conical 
conical 
conical 
conical 
conical 
conical 
conical 
elongate 
elongate 
elongate 
elongate 
equidimensional 
elongate 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
elongate 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
tabular 
conical 
conical 
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Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Paddlefish 
Coriops 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
Fin Ray Segment 
denticle 
Tooth 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
0.7 
0.8 
0.9 
0.7 
1.4 
0.6 
0.9 
0.9 
0.7 
0.8 
1.3 
1 
1.1 
0.8 
1 
0.9 
1 
0.8 
1 
0.6 
1 
1.1 
1 
1.1 
0.7 
0.8 
1.1 
1.3 
0.9 
1 
0.7 
1.3 
0.8 
0.8 
0.8 
0.9 
0.7 
0.8 
1.4 
0.8 
0.9 
0.8 
1 
0.8 
1.4 
2.5 
2 
4.7 
3.6 
1 
1.4 
3.3 
2.3 
5 
4 
2 
4 
3 
4 
5 
4 
5 
5 
3 
2 
5 
4 
5 
3 
4 
2 
3 
5 
4 
2 
5 
4 
4 
4 
3 
4 
4 
2 
5 
3 
5 
4 
2 
2 
4 
4 
1 
4 
2 
4 
5 
4 
4 
5 
4 
3 
5 
4 
4 
4 
4 
tabular 
equidimensional 
elongate 
tabular 
equidimensional 
equidimensional 
tabular 
tabular 
equidimensional 
equidimensional 
tabular 
equidimensional 
tabular 
equidimensional 
tabular 
tabular 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
tabular 
equidimensional 
tabular 
tabular 
equidimensional 
elongate 
equidimensional 
equidimensional 
tabular 
equidimensional 
tabular 
tabular 
equidimensional 
equidimensional 
equidimensional 
tabular 
equidimensional 
tabular 
equidimensional 
tabular 
tabular 
equidimensional 
tabular 
conical 
tabular 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
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Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
teleost indet 
 Coriops 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Coriops 
Lepisosteus 
Paralbula 
amiid 
act. indet #1 
act. indet #2 
Coriops 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Vertebra 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
tooth bearing elements 1 
tooth bearing elements 2 
tooth bearing elements 3 
tooth bearing elements 4 
2.1 
1.1 
0.8 
1.1 
0.9 
1 
0.7 
0.8 
0.6 
0.9 
1.2 
0.8 
1 
1 
1.3 
1.2 
1.4 
0.9 
1 
1.3 
0.8 
1 
0.6 
1.1 
0.9 
1.3 
0.8 
0.5 
1.2 
0.9 
0.9 
2.2 
0.6 
0.8 
0.8 
1.5 
0.8 
1.2 
0.9 
0.9 
1 
1.4 
1.4 
1.2 
0.9 
1.9 
1.6 
1 
0.7 
2.1 
2.7 
2.9 
4.5 
3 
4 
2 
3 
2 
3 
2 
4 
3 
3 
3 
3 
3 
3 
3 
3 
2 
4 
4 
2 
4 
3 
3 
3 
4 
4 
2 
2 
3 
3 
3 
4 
3 
3 
3 
2 
3 
2 
2 
3 
2 
3 
2 
3 
1 
4 
4 
2 
4 
4 
3 
3 
4 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
elongate 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
tabular 
equidimensional 
equidimensional 
elongate 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
elongate 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
equidimensional 
elongate 
elongate 
conical 
conical 
conical 
elongate 
conical 
equidimensional 
elongate 
elongate 
tabular 
tabular 
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Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Reptilia 
Reptilia 
Reptilia 
Reptilia 
Reptilia 
Reptilia 
Reptilia 
Reptilia 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
amiid 
esocoid 
amiid 
amiid 
amiid 
amiid 
 Crocodylian 
Crocodylian 
Crocodylian 
Hadrosaur 
Hadrosaur 
Paronychodon 
Ankylosaur 
Teiid 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
Tooth 
Tooth 
Tooth 
Tooth 
Tooth 
tooth 
tooth 
Tooth 
Tooth 
Tooth 
Tooth 
unknown sock shaped tooth 
unknown sock shaped tooth 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
long bones 
un id box 1 
un id box 1 
3.1 
2.2 
1.8 
1.3 
1.2 
0.8 
1.5 
6.1 
3.1 
2.9 
11.2 
7 
2.9 
5.7 
0.9 
0.9 
1.3 
0.9 
1.5 
1.3 
3.9 
6.9 
1.7 
2 
3.7 
2.1 
3.8 
3.6 
1.8 
4.1 
2 
1.8 
3.4 
3.5 
1.7 
2.7 
3 
1.1 
2.1 
4.2 
3.9 
1.9 
1.1 
3 
1.4 
2.8 
6 
1.6 
1.1 
3.6 
2 
4 
5.5 
5 
4 
4 
3 
4 
5 
3 
2 
2 
3 
5 
5 
4 
4 
1 
3 
3 
3 
4 
3 
4 
5 
3 
5 
4 
4 
3 
5 
3 
4 
4 
3 
4 
3 
4 
5 
3 
3 
3 
4 
3 
3 
2 
5 
3 
5 
4 
2 
4 
4 
5 
3 
3 
tabular 
elongate 
equidimensional 
elongate 
elongate 
tabular 
elongate 
conical 
conical 
conical 
elongate 
elongate 
tabular 
elongate 
elongate 
conical 
elongate 
conical 
 
 elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
equidimensional 
elongate 
elongate 
conical 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
elongate 
tabular 
conical 
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Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
un id box 1 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
tooth bearing elements 4 
 
5.8 
4 
1.9 
2.2 
2.2 
1.9 
3.4 
1.4 
2.5 
4 
2.7 
0.9 
1.9 
1.1 
1.3 
1.9 
1.5 
1.8 
2.4 
2 
1.9 
1.2 
1.2 
1 
1.4 
0.9 
4.3 
2.2 
2 
2 
2.1 
1 
1.6 
0.8 
1.1 
1.4 
0.8 
1.4 
1.7 
0.8 
0.7 
 
3 
4 
2 
4 
3 
2 
4 
3 
3 
4 
4 
4 
4 
4 
3 
4 
3 
3 
4 
4 
4 
2 
4 
4 
4 
3 
4 
4 
4 
3 
3 
3 
3 
4 
3 
2 
3 
3 
3 
3 
4 
 
tabular 
equidimensional 
tabular 
elongate 
equidimensional 
elongate 
tabular 
equidimensional 
elongate 
elongate 
equidimensional 
equidimensional 
tabular 
tabular 
tabular 
tabular 
elongate 
tabular 
elongate 
tabular 
tabular 
equidimensional 
tabular 
tabular 
tabular 
equidimensional 
equidimensional 
tabular 
equidimensional 
tabular 
elongate 
tabular 
tabular 
tabular 
elongate 
tabular 
tabular 
elongate 
tabular 
tabular 
equidimensional 
 
 
Table 14. Specimen Data for HC10.03SC. 
Class Taxa Element 
Amphibia 
Amphibia 
Amphibia 
Amphibia 
Albanerpeton 
Opisthotriton 
Anura 
Anura 
Vertebra 
Vertebra 
Vertebra 
Tooth-bearing element 
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Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Chondrichthyes 
Mammalia 
Mammalia 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Myledaphus 
Myledaphus 
Myledaphus 
Myledaphus 
Myledaphus 
Myledaphus 
Myledaphus 
Myledaphus 
Squatirhina 
Multituberculate 
Multituberculate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
tooth 
tooth 
tooth 
tooth 
tooth 
denticle 
denticle 
denticle 
Tooth 
Tooth 
Tooth 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
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Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
 
 
 
 
 
 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Lepisosteus 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Fin Ray 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
Scale 
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Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
Osteichthyes 
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Table 15. Class Counts for HC10.02, HC10.03, HC10.03SC. 
Class HC10.02 (Number of 
Specimens)  
HC10.03 (NS) HC10.03SC (NS) 
Osteichthyes 365 153 143 
Condrichthyes 4 14 9 
Mammalia 0 1 2 
Reptilia 8 8 9 
Amphibia 9 9 4 
 
Table 16. Taxonomic Data for HC10.02, HC10.03, HC10.03SC. 
Taxon HC10.02 (NS) HC 10.03 (NS) HC 10.03SC 
(NS) 
Teleost indet. 
Lepisosteus  
Coriops  
Holostean B 
Paralbula  
Cretophareodus  
Amiid  
Belanostomus  
Esocoid  
Actinopterygian #1  
Actinopterygian #2 
Paleopsephurus  
Myledaphus  
Squatirhina 
Anura  
Opisthotriton  
Amphibia indet. 
Albanerpeton  
Crocodylia  
Teiid  
Hadrosaur  
Testudines  
Ankylosaur  
202 
128 
6 
1 
5 
2 
6 
3 
8 
1 
3 
0 
4 
0 
3 
2 
4 
0 
4 
2 
1 
1 
0 
48 
39 
4 
0 
1 
0 
6 
0 
1 
1 
1 
1 
8 
6 
1 
0 
7 
1 
3 
1 
2 
0 
1 
21 
71 
4 
0 
4 
0 
4 
1 
0 
0 
1 
0 
8 
1 
2 
1 
0 
1 
1 
2 
1 
3 
0 
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Paronychodon  
Champsosaur  
Theropod  
Eutherian 
Multituberculate mammal 
 
0 
0 
0 
0 
0 
 
1 
0 
0 
1 
0 
 
0 
1 
1 
0 
2 
 
 
